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NEW CLAIMS 18-34 



18. A method for continuously manufacturing films, webs, and sheets of plastics 
capable of forming optical images, the method comprising the steps of: 

guiding a melted plastic mass (41), pre-shaped as a sheet, into a roller gap 
(31) of a calender, the roller gap (31) formed between a shaping engraving cylinder roller 
(11) and a smoothing strip (29) surrounding partially the shaping engraving cylinder roller 

(11); 

heating the shaping engraving surface of the cylinder roller (1 1) to melting 
temperature in the roller gap (31), wherein the melted plastic mass (41) is applied directly 
onto the shaping engraving surface of the heated cylinder roller (11); and 

providing a profiling by cooling the melted plastic mass (41) in the roller gap 
(31) by heat removal on a side facing the shaping engraving surface. 

1 9. The method according to claim 1 8, wherein in the step of providing a profiling 
the heat removal is carried out in a controlled fashion along the path of the melted plastic 
mass (41) about the cylinder roller (11) such that on the side of the solidifying melted 
plastic mass facing the shaping engraving surface more heat is removed than on the 
smooth side facing the smoothing strip (29) and the melted plastic mass is hardened in top 
edges (4) of prisms of the profiling before the material strip exits from an exit gap (29) of 
the calender as a finished product (19). 

20. The method according to claim 1 9, wherein the melted plastic mass solidified 
to the finished product (19) is moved in a stretched position or in an oppositely bent 
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direction, as a function of the thickness and the mechanical properties of the finished 
product, to storage or further processing after leaving the exit gap (39). 

21. The method according to claim 19, wherein the melting temperature is 
present not within the entire rotating mass of the cylinder roller (11) but only within a 
stationary heating zone (18) of the cylinder roller (11), the method further comprising the 
step of preventing an increase of the heat in the cylinder roller mass by providing a cooling 
device (24, 25, 26; 27, 28) and passing the melted plastic mass (41) through the cooling 
device temporally after the introduction into the roller gap (31). 

22. The method according to claim 1 9, further comprising the step of cutting the 
finished product (19) exiting from the calender to length by a transverse movement of a 
saw (35) matched to the moving speed of the product (19). 

23. The method according to claim 1 8, further comprising the steps of preparing 
the melted plastic mass (41), which is pre-shaped as a sheet, in an extruder (14) and 
transferring the melted plastic mass (41) from the extruder via a wide slot nozzle (15) 
directly onto the cylinder roller (11). 

24. The method according to claim 1 8, further comprising the steps of preparing 
the melted plastic mass (41), which is pre-shaped as a sheet, from a semi-finished plastic 
product by melting the semi-finished plastic product under a melting cover (38) and 
subsequently directly transferring the melted plastic mass (41 ) onto the cylinder roller (1 1 ). 

25. A device for performing a method for continuously manufacturing films, webs, 
and sheets of plastics capable of forming optical images, wherein a melted plastic mass 
(41), pre-shaped as a sheet, is guided into a roller gap (31) of a calender, the roller gap 
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(31) formed between a shaping engraving cylinder roller (11) and a smoothing strip (29) 
surrounding partially the shaping engraving cylinder roller (11); wherein the shaping 
engraving surface of the cylinder roller (1 1) is heated to melting temperature in the roller 
gap (31), wherein the melted plastic mass (41) is applied directly onto the shaping 
engraving surface of the heated cylinder roller (11); and wherein a profiling by cooling the 
melted plastic mass (41) in the roller gap (31) is provided by heat removal on a side facing 
the shaping engraving surface; the device comprising: 

a cylinder roller (11) having an exterior engraving sleeve (23); 

a smoothing strip (29) partially surrounding the cylinder roller (1 1 ) to form the 
roller gap (31); 

a positionable extruder (14) having a wide slot nozzle (15), wherein an 
opening surface of the wide slot nozzle (15) is adjustable longitudinally parallel to the 
surface of the cylinder roller (1 1 ) or to the surface of the engraving sleeve (23) so as to be 
variable with respect to spacing. 

26. The device according to claim 25, comprising a heating device (16) arranged 
shortly before an opening slot of the wide slot nozzle. 

27. The device according to claim 25, comprising an exit roller (13) having a 
diameter that is at least as large as a diameter of the cylinder roller (11), wherein an axis 
of rotation of the exit roller (13) is displaceable for changing a surrounding stretch of the 
smoothing strip (29). 

28. The device according to claim 27, wherein a spacing of the exit roller (13) 
from a roller axle (10) of the cylinder roller (11) is changeable. 
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29. The device according to claim 25, wherein the exit roller (13) has an axle, 
wherein the device further comprises: 

a cooling table (36) connected by a pivot arm (32) to the axle of the exit roller 
(13), wherein the cooling table (36) can be moved by the pivot arm (32) into various 
angular positions; 

an angularly adjustable support table (34) pivotably connected on the cooling 
table (36); and 

a deflection roller (22) with a bearing connected to the cooling table (36). 

30. The device according to claim 25, further comprising a cooling water supply 
line (24) and a cooling water removal line (25) arranged in a roller axle (10) of the cylinder 
roller (11), wherein the cooling water supply line (24) guided through the cylinder roller (1 1 ) 
is provided with a spray nozzle arrangement and wherein cooling water (26) sprayed by the 
spray nozzle arrangement is collected in the interior of the cylinder roller (11) to a 
controlled level and is removed by a suction pipe of the cooling water removal line (25). 

31. The device according to claim 25, wherein the smoothing strip (29) is an 
endless strip and wherein the device further comprises a strip guiding roller (21) and a 
deflection roller (22) for guiding the smoothing strip (29), wherein the smoothing strip (29) 
istensioned by a spring-supported or hydraulically supported movement of the strip guiding 
roller (21) and does not exert own pressure onto the surrounded surface of the cylinder 
roller (11), wherein the device further comprises a pressure strip (30), not touching the 
deflection roller (22) and circulating inside of the smoothing strip (29) about a tensioning 
roller (20), wherein a tension of the pressure strip (30) is generated by a spring-supported 
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or hydraulically supported movement of the tensioning roller (20). 

32. The device according to claim 31 , further comprising cooling water nozzles 
(27) positioned at the surrounding stretch of the smoothing strip (29) and the pressure strip 
(30) about the cylinder roller (11), wherein the smoothing strip (29) and the pressure strip 

(30) are steel strips, wherein the cooling water nozzles (27) cool the steel strips by spraying 
cooling water on the steel strips and wherein cooling water sprayed by the cooling water 
nozzles (27) is collected in a cooling water tank (28) and removed by a cooling water 
discharge (37). 

33. The device according to claim 25, wherein the cylinder roller (11) is 
comprised substantially only of an engraving sleeve (23) and a heatable support roller (40) 
arranged in the engraving sleeve (23) for receiving a gap pressure of the roller gap (31) 
and for a linear axis-parallel heating of the engraving sleeve (23) in the area of the roller 
gap (31). 

34. A device for performing a method for continuously manufacturing films, webs, 
and sheets of plastics capable of forming optical images, wherein a melted plastic mass 
(41), pre-shaped as a sheet, is guided into a roller gap (31) of a calender, the roller gap 

(31) formed between a shaping engraving cylinder roller (11) and a smoothing strip (29), 
surrounding partially the shaping engraving cylinder roller (11); wherein the shaping 
engraving surface of the cylinder roller (1 1) is heated to melting temperature in the roller 
gap (31) wherein the melted plastic mass (41) is applied directly onto the shaping 
engraving surface of the heated cylinder roller (11); and wherein a profiling by cooling the 
melted plastic mass (41) in the roller gap (31) is provided by heat removal on a side facing 
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the shaping engraving surface; the device comprising: 

a melting cover (38) configured to melt a pre-manufactured semi-finished 
plastic product to a melted plastic mass (41 ), wherein the melting cover (39), for producing 
different temperatures, opens into a heating cover (16) or is connected to a heating 
member (17) for heating a heating zone (18) of the cylinder roller (11). 
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Method for the Continuous Production of Films, Webs and Sheets 
Consisting of Plastics and Capable of Forming Optical Images, 
and Devices for Performing the Method 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to a method for the continuous production of films, webs and sheets 
capable of forming optical images according to the preamble of the independent claim and 
devices for performing the method. 

2. Description of the Related Art 



- 10- 



3/1 1/02: Prel. Amd for Docket No. 19943604 (PCT/DEOO/03149 - Int. Filing Date: 9/1 1/2000) Inventor(s): P. Nawrath 



CLEAN COPY OF PARAGRAPH BRIDGING PAGES 3 AND 4 

SUMMARY OF THE INVENTION 

According to the prior art which is to be improved the object of the invention was to 
introduce a flowing melted plastic mass, pre-shaped as a flat product in an extruder or 
heating chamber, into the optical structures of a correspondingly engraved calender roller 
and to transfer the same into the solidification state, while exactly reproducing the 
engraving, such that a flat product is formed which can be removed continuously from the 
engraved calender roller. 
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CLEAN COPY OF PAGE 6, LINES 12-14 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings show the method conditions and two embodiments of the device according 
to the invention for performing the method of continuous manufacture of endless films, 
webs and sheets of plastic capable of forming optical images. 
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CLEAN COPY OF PAGE 7, LINES 10-15 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The optical quality of circular as well as linear Fresnel lenses of all geometries, including 
circular and linear prism plates made of PMMA and other plastic materials, is determined 
decisively by the sharpness of the top edge 4 of the prism which, in contrast to the bottom 
edge 5 of the prism, can be formed only with special measures by the shaping mold 1 . In 
the case of a planar Fresnel lens, this mold is a flat mold 1 . 
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MARKED-UP VERSION OF PAGE 1, LINES 1-6 

Method for the Continuous Production of Films, Webs and Sheets 
Consisting of Plastics and Capable of Forming Optical Images, 
and Devices for Performing the Method 

BACKGROUND OF THE INVENTION 

JL Field of the Invention 

The invention relates to a method for the continuous production of films, webs and sheets 
capable of forming optical images according to the preamble of the independent claim and 
devices for performing the method. 

Z Description of the Related Art 
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MARKED-UP VERSION OF PARAGRAPH BRIDGING PAGES 3 AND 4 



SUMMARY OF THE INVENTION 



According to the prior art which is to be improved the object of the invention was to 
introduce a flowing melted plastic mass, pre-shaped as a flat product in an extruder or 
heating chamber, into the optical structures of a correspondingly engraved calender roller 
and to transfer the same into the solidification state, while exactly reproducing the 
engraving, such that a flat product is formed which can be removed continuously from the 
engraved calender roller. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings show the method conditions and two embodiments of the device according 
to the invention for performing the method of continuous manufacture of endless films, 
webs and sheets of plastic capable of forming optical images. 
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MARKED-UP VERSION OF PAGE 7, LINES 10-15 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The optical quality of circular as well as linear Fresnel lenses of all geometries, including 
circular and linear prism plates made of PMMA and other plastic materials, is determined 
decisively by the sharpness of the top edge 4 of the prism which, in contrast to the bottom 
edge 5 of the prism, can be formed only with special measures by the shaping mold 1 . In 
the case of a planar Fresnel lens, this mold is a flat mold 1 . 
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ABSTRACT OF THE DISCLOSURE 
In a method and a device for continuously manufacturing films, webs, and sheets 
of plastics capable of forming optical images a melted plastic mass, pre-shaped as a sheet, 
is guided into a roller gap of a calender, the roller gap formed between a shaping 
engraving cylinder roller and a smoothing strip surrounding partially the shaping engraving 
cylinder roller. The shaping engraving surface of the cylinder roller is heated to melting 
temperature in the roller gap, wherein the melted plastic mass is applied directly onto the 
shaping engraving surface of the heated cylinder roller. A profiling is provided by cooling 
the melted plastic mass in the roller gap by heat removal on a side facing the shaping 
engraving surface. 
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Method for the Cont inuous Production of Films, Webs and Sheets 
Consisting of Plastic^and^ Ca pable of Formin g Optical Images, 
and Devices for Performing the Method. 

The invention relates to a method for the continuous production of films, webs and 
5 sheets capable of forming optical images according to the preamble of the 

independent claim and devices for performing the method. 



Plastic products which are capable of forming optical images, such as lenses of all 
kinds, including totally reflecting, transparent prism sheets and retroreflectors of 
transparent plastic, in particular, of PMMA, are produced primarily discontinuously 

10 by extrusion or a pressing method, aside from a film casting process. The field of 

application of the corresponding products is limited by the parameters of the 
manufacturing method and devices therefor. The requirements of the market, in 
particular, in the area of light guiding technology and solar technology are directed 
to sheet products of large surface areas in dimensions which are available, for 

1 5 example, in the case of plate glass. Fulfilling these requirements is the purpose of 

this invention. 



The technically possible manufacture of sheet products of large surface areas via 
a casting method, for example, from low viscosity solutions, for example, (PMMA), 
is economically insignificant aside from the film casting which is not useable, or 

20 useable only to a limited extent, for the aforementioned market. The possibility of 

extruding endless flat profiles capable of forming optical images is provided for 
coarse dimensions and cross-sections of the product, but their optical quality is 
suitable only for use in connection with diffusors for illumination purposes. This 
characteristic is also true for endless products produced according to U.S. patent 

25 5,656, 209 which has a linear prism-textured surface whose edges and surfaces are 
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as indistinct and distorted as in the prism-profiled extruded products. 

By means of cold-pressing or hot-pressing rolling methods, sharp-edged imprints 
can be performed only in connection with kneadable material. A sharp-edged 
profiling of a plastic film in a calender is not possible in the presence or absence of 
heat without inventive measure for physical reasons because the surface tension 
of a plastic film, soft in the heat, prevents even for the strongest pressing stages the 
filling of sharp-edged valleys of a correspondingly engraved shaping roller, aside 
from the fact that the low-viscosity melted mass pulled through the roller gap will 
creep back (contraction) out of the sharp edges behind the roller gap during the 
solidification process. 

In the development of vulcanization of endless rubber strips in a calendering 
method, the object was to calibrate the raw rubber material in the roller gap to a 
strip and to perform the vulcanization process by heat whose effect depends on a 
time parameter. In this connection, the calibrated raw rubber strip while subjected 
to the vulcanization process, must be guided along with the heated roller of the 
calender, and this requirement was fulfilled by a steel strip surrounding the heated 
calender roller partially in that the raw rubber between the heated roller and the 
steel strip partially surrounding it could be vulcanized completely on the way to the 
calibrating roller gap up to the point of deflection of the steel band. It was an 
obvious measure to carry out the same method for an extruded plastic strip in order 
to produce in this way images true to shape of an engraved calender roller. In the 
patent literature, different suggestions for performing such a method are provided. 
In the patent document U.S. 2,442,443, a calender device employing two endless 
steel strips surrounding two calender rollers is described which are firstly provided 
for smoothing the plastic film to be produced. In the European patent document 0 
799 686 A1 a method for the endless production of optical products and a device 

-2- 

Lit. TRL of Annexes to IPER WO 01/19600 (PCT/DE00/03149) - Inventor(s): P. Nawrath - Assignee: H. F. Schroder 



for performing this method are described; U.S. patent 4,486, 363 describes this also. 
In these documents and in the method disclosed in the patent document DE 35 05 
055 as well as in DE 41 10 284 A1, the use of an endless steel strip partially 
surrounding the forming roller is the primary reference point of the respective 
inventive concept. However, in the many application variants thereof the results 
remain unsatisfactory, in particular, the economic efficiency of the respective 
methods and devices for performing the same because simply by employing an 
endless steel strip alone, without an optimal economic temperature control of the 
components of the device for performing the known method, which components 
participate in the shaping of the product surface, no progress can be effected in the 
manufacture of films, webs, and plates of transparent plastics capable of forming 
optical images. 

The optical quality of the products produced by the suggested methods and the 
devices for performing the same is generally unsatisfactory in the same respects as 
that of the extruded products as well as the optical quality of the products produced 
according to the method of U.S. patent 5,656,209. The sharpness of the outer 
edges of the prisms is usually round while the inner edges are sharp. In this 
connection, cooling systems and cooling devices of calender rollers, for example, 
according to patent documents DE 196 35 845 CI as well as according to patent 
document DE 41 16 068 C2 have been taken into consideration, and it was found 
that they provide no teaching in regard to the solution of the object in question of the 
invention, i.e., to develop, inter alia, a shaping calender roller whose surface upon 
each revolution must pass through a temperature gradient without uneconomical 
energy use. 

According to the prior art which is to be improved the object of the invention was to 
introduce a flowing melted plastic mass, pre-shaped as a flat product in an extruder 
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or heating chamber, into the optical structures of a correspondingly engraved 
calender roller and to transfer the same into the solidification state, while exactly 
reproducing the engraving, such that a flat product is formed which can be removed 
continuously from the engraved calender roller. 

The solution of the object in question of the invention was based first on the 
approach of the conventional method of manufacturing high-quality Fresnel lenses 
by a pressing method. In its development it was found that, for example, a cast or 
extruded PMMA sheet, heated to the melted state between a smooth plate and a 
Fresnel mold, would not result, even upon application of maximum pressure, in a 
reproduction with sharp edges of the deep-seated edges of the Fresnel mold. The 
surface of the pre-manufactured PMMA sheet has thus a property, obtained by its 
manufacturing process, which obstructs the material flow in the microrange because 
the use of PMMA powder instead of the pre-manufactured PMMA sheet in the 
presence of heat and pressure results in a total reproduction of the Fresnel mold 
and thus in a high-quality optical object. The teaching found in this process became 
part of the solution of the object in question of the invention, in particular, by means 
of the measure of introducing a low-viscosity melted mass, exiting from a wide slot 
nozzle of an extruder or exiting from a heating chamber, directly into the roller gap 
of the calender, i.e., between the shaping roller and the steel strip partially 
surrounding it. 

The object is to prevent the reaction of the melted mass surface with air. Upon 
entry of the melted mass into the roller gap, a heat should be present therein which 
is the highest permissible heat for the plastic material, wherein the heat is reduced 
toward the exit of the surrounding stretch of the steel strip in a controlled way such 
that the melted mass introduced into the pointed valleys of the shaping roller 
reaches a hard-elastic state quicker than the smooth backside. 
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Upon exiting of the melted mass which has been solidified in a controlled fashion, 
a deflection of the solidified strip about an exit roller is permissible only to a degree 
permitted by the coefficient of elasticity of the solidified plastic. The difference 
between the diameter of the exit roller and the diameter of the external side of the 
5 plastic strip transported thereon must not surpass the coefficient of elasticity 

thereof. This means that from a certain material strength on bending of the strip or 
of the calendered sheet, after leaving the exit gap of the calender, is no longer 
permissible. 

In the solution according to the invention for the object in question of the invention, 
10 four specific method steps are relevant. 1. An almost direct introduction of the 

melted mass from the extrusion nozzle into the roller gap or direct contacting of the 
melted mass with the engraving surface of the engraving sleeve mounted onto the 
roller cylinder and heated to the temperature of the melting temperature. 2. 
Providing the melting heat on all contact parts of the melted mass in the roller gap. 
15 3. The control of the heat removal from the shaping roller different from that of the 

smooth strip side. 3. The adjustment of the bending angle of the finished product 
exiting from the roller gap to the strength and modulus of elasticity thereof. 

The device for performing the four method steps according to the invention differs 
in the construction and in principle only little from the devices according to the prior 
20 art used for the same purpose. An advance and a novelty aspect is the measure 

of forming the roller which is surrounded by the shaping engraving sleeve 
(nonwoven) of a steel cylinder whose wall thickness is determined by the thermal 
capacity of its mass. 

According to the invention, the engraving sleeve, before contact with the melted 
25 mass and in the area thereof, is heated to the melting temperature in order to 
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transfer the heat after passage of the roller gap onto the steel cylinder of the 
calender roller. At the exit gap of the calender according to the invention, a 
pivotable smoothing and cooling table is provided with which the problem of the 
bending angle of the removed calendered material is counteracted. 

The filling of the sharp-edged valleys in the engraving sleeve and the prevention of 
partial contraction of the melted plastic mass during the cooling process are the 
main criteria of the method according to the invention which in the device for 
performing the same is imparted with a purpose-fulfilling importance. In principle, 
with the inventive method and the device for performing the same, instead of the 
extruded melted mass, it is also possible to process a pre-manufactured plastic 
strip, brought to the melting temperature, to the inventively desired product. 

The drawings show the method conditions and two embodiments of the device 
according to the invention for performing the method of continuous manufacture of 
endless films, webs and sheets of plastic capable of forming optical images. 

It is shown in: 

Fig. 1 an enlarged profiled section of a deflecting prism disc with 

complete imprint of the prism edges of printing mold; 
Fig. 2 an enlarged profiled section of a deflecting prism disc with 

complete imprint of the prism edges; 
Fig. 3 an enlarge profiled section of a deflecting prism disc with a 

complete imprint of the prism edges of the printing mold; 
Fig. 4 an enlarged photo of a linear deflecting prism disc produced by 

the pressing method; 
Fig. 5 a schematic drawing of an embodiment of the device 
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according to the invention for continuously producing endless 

films, webs, and sheets capable of forming optical images; 
Figs. 6 to 10 schematic drawings of embodiments of the device according 

to the invention according to Fig. 5 in different functional 
5 positions; 

Fig. 11 a schematic drawing of a second embodiment of the device 

according to the invention; 
Fig. 12 a schematic drawing of a third embodiment of the device 

according to the invention. 

10 The optical quality of circular as well as linear Fresnel lenses of all geometries, 

including circular and linear prism plates made of PMMA and other plastic materials, 
is determined decisively by the sharpness of the top edge 4 of the prism which, in 
contrast to the bottom edge 5 of the prism, can be formed only with special 
measures by the shaping mold 1 . In the case of a planar Fresnel lens, this mold is 

1 5 a flat mold 1 . 



The most effective such measure is the heating of the plastic material between the 
flat mold 1 and the smooth plate 2 to the melting temperature of the plastic material 
by applying a pressing force of at least 20 kN/cm 2 . For removing the prism disc 3 
from the press, the pressing package, comprised of mold, prism disc 3, and smooth 

20 plate 2, must be cooled by maintaining the pressing force up to the solidification 

temperature of the prism disc. When neglecting this measure, retractions of the top 
edges, in the form of rounded portions 9 and formation of hollow spaces 8 in the 
mold, result by the interruption of the after-pressure, which after-pressure is also 
required in the injection molding process for preventing depressions. When opening 

25 the pressing package before complete solidification of the prism disc 3 not only the 

rounded portions 9 of the top edges 4 of the prisms result but also unevenness of 
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the prism flanks 6 and 7. 

The prism disc which has such defects is practically not useable while high-quality 
prism sheets produced by the pressing method will find use only in limited areas as 
a result of their high manufacturing costs. 

With the method and the device according to the invention for performing the same 
an economical production of films, webs, and sheets made of plastic material and 
capable of forming optical images is to be achieved. Figs. 5 through 10 show an 
embodiment of the device according to the invention in different functional positions 
corresponding to the strength (thickness) of the films, webs or sheets to be 
manufactured. The enlarging schematic drawing Fig. 5 serves particularly for 
characterizing the method steps according to the invention. The mass and the wall 
thickness of the cylinder roller 1 1 as a function of the diameter thereof is decisive 
for an economic use of the method according to the invention, in which the melted 
plastic mass 41 , exiting the extruder 14 via the wide slot nozzle 15, is applied onto 
the engraving on the engraving sleeve 23 which has been brought to the melting 
temperature. Preferably, the melted plastic mass 41 is here applied onto the 
cylinder roller 1 1 from the wide slot nozzle 1 5 at a minimum spacing of twice the slot 
height of the wide slot nozzle 15. 

Heating members 1 7 of high output are installed shortly before the extrusion nozzle 
in the heating cover 16. 

The relevant thermal process is to be explained with an exemplary provision of the 
following parameters. The aim is the endless manufacture of a PMMA product 19 
with a strength (thickness) of 1 mm. A production output of 5 m/min is assumed. 
The diameter of the cylinder roller 11 is 1,000 mm. Corresponding to the 
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circumference of the cylinder roller (3.14 m) it performs 1.5 revolutions/min. The 
melted plastic mass 41 surrounds, secured by the smoothing strip 29, a stretch of 
1 .85 m of the cylinder roller 1 1 . 

Accordingly, the temperature of the melted plastic mass, starting at the exit of the 
wide slot nozzle 15, is to be reduced from approximately 200° to 90° within a time 
period of 36 sec, and this is carried out according to the invention in that the 
temperature of the cylinder roller 1 1 is maintained at a value below 80° while the 
engraving sleeve 23 mounted onto the cylinder roller on a short stretch of the roller 
revolution is brought to approximately 200° by means of intensive radiation. 

Accordingly, on the rotating cylinder roller 11a heating zone 18 results which 
continuously fluctuates up and down. 

By means of the cooling system according to the embodiment, a different cooling 
between the engraved surfaces and the surface resting against the smooth strip is 
to be achieved. The top edges 4 of the engraved prisms are to be solidified before 
the entire mass of the melted plastic material 41 has reached the solidification 
temperature. 

This temperature difference has the result that, upon stretching of the products out 
of the bending angle about the cylinder roller into a straight line, respectively, into 
the opposite bending direction of the exit roller 13, a deformation risk for the 
engraved structure is eliminated or at least is reduced significantly. 

The illustrated embodiment according to the invention of the cooling device has two 
cooling circuits. 
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This is, on the one hand, the cooling water supply line 24 and the cooling water 
removal line 25 through the roller axle 10. The water level of the cooling water 26 
in the interior of the cylinder roller 1 1 can be controlled as well as the throughput. 

The second controlled cooling circuit concerns the outer cooling wherein cooling 
water nozzles 27 are directed against the outer side of the smoothing strip 29 
whose water is received in a tank 28. 

It is apparent that on relevant positions of thermal parameters temperature 
measuring locations are to be provided. 

At the intake of the melted mass 41 into the roller gap 31 a metered bead formation 
thereof can be advantageous, for which purpose, however, a size control, controlled 
by the bead itself, is required by changing the extrusion output or the revolution 
speed of the cylinder roller 1 1 . 

The efficiency of the method according to the invention to an optimal height is 
achieved by the device according to the invention in that a measurement of the 
temperature of the product strip 19 at the exit gap 39 controls the rotary speed of 
the cylinder roller 11. 

A thermodynamic proof in regard to the course of the function of the inventive 
method would surpass the context of the patent application, and will therefore be 
supported by practical evidence, if needed. 

In the device according to the invention the surrounding angle of the solidifying 
melted mass can be enlarged by displacing the axis of rotation of the exit roller 13 
in the direction of arrow C. 
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The smoothing strip 29, which is ultra-finished on the inner side surrounds a portion 
of the circumference of the cylinder roller 1 1 and then passes across the exit roller 
13 to the deflection roller 22 and passes the strip guiding roller 21 and the 
tensioning roller 20 in order to return via the intake roller 12 to partially surrounding 
the cylinder roller 1 1 . 

Within the smoothing strip circulation a pressure strip 30 is also provided which for 
maintaining the pressing force of the melted mass onto the engraving sleeve 23 of 
the cylinder roller 1 1 has a greater tension than the smoothing strip 29 which is 
circulating wide. 

The bending of the solidified melted mass about the exit roller 13 depends on the 
material and is possible only up to a certain product thickness. 

With the device according to the invention, however, product thicknesses of at least 
up to 10 mm are to be produced for which a second bending after leaving the 
rounded portion of the cylinder roller is no longer possible without damaging the 
prism structure. 

According to the invention it is provided in this case that the cooling table 36 is 
moved into the vertical position (Fig. 6) by being rotated about the pivot point 33 of 
the exit roller 1 3. The product 1 9 then climbs up to the level of the support table 34 
and is then separated by an entrained saw 35 from the trailing material. Without 
interruption of the production process, the support table with the product section is 
then moved into the horizontal position (Fig. 7) and stored. The support table is 
then moved back into the vertical position and receives the following product again 
in provided holders. 
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In accordance with the strength and bending properties (regenerating properties) 
of the product, the device according to the invention, i.e., the angled position of the 
exit table and the support table, is aligned for which purpose the axle of the 
deflection roller 22 is connected rotatably to the pivot point 33 by means of a pivot 
arm 32. 

The method according to the invention and the device for performing the same can 
be applied also for manufacturing endless films, webs and sheets capable of 
forming optical images of pre-manufactured semi-finished material, in that according 
to Fig. 1 1 the semi-finished material is converted under a melting cover 38 into a 
melted plastic mass 41 and introduced into the roller gap 31 where it is subjected 
to the same treatment as the melted plastic mass of a wide slot nozzle 1 5 of the 
extruder 14. 

The third embodiment according to Fig. 12 of the device according to the invention 
for performing the method for manufacturing the product according to the invention 
differs from the embodiments according to Figs. 5 to 11 only in the area of the 
measures for optimal temperature control in the process of shaping films, webs, and 
sheets capable of forming optical images in the way that the engraving sleeve 23, 
without supporting cylinder roller, can receive the pressure on the roller gap 31 with 
one or several support rollers 40, according to their reduced mass can receive and 
release the respective melting heat with economically beneficial time parameters. 
While the engraving sleeve in the first embodiment of the invention for performing 
the method requires only a reduced wall thickness, in the third embodiment the use 
of thin-walled steel cylinders with a copper layer applied by electroplating is 
suggested into which the engraving for forming the products 19 capable of optical 
image forming is introduced. 
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list of reference numerals 



1 flat mold 

2 smooth plate 

3 prism disc 
5 4 top edge 

5 bottom edge 

6 prism flank (reflecting) 

7 prism flank (neutral) 

8 hollow space 
10 9 rounded portion 

10 roller axle 

1 1 cylinder roller 

12 intake roller 

13 exit roller 
15 14 extruder 

15 wide slot nozzle 

16 heating cover 

17 heating member 

18 heating zone 
20 19 product 

20 tensioning roller 

21 strip guiding roller 

22 deflection roller 

23 engraving sleeve 

25 24 cooling water supply line 

25 cooling water removal line 

26 cooling water 
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27 


cooling water nozzle 




28 


tank 




29 


smoothing strip 




30 


pressure strip 


5 


31 


roller gap 




32 


pivot arm 




33 


pivot point 




34 


support table 




35 


saw 


10 


36 


cooling table 




37 


cooling water discharge 




38 


melting cover 




39 


exit gap 




40 


support roller 


15 


41 


melted plastic mass 
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Claims 



1. Method for continuously manufacturing films, webs, and sheets of plastics 
capable of forming optical images by means of a melted plastic mass (41), 
which is pre-shaped as a sheet, for guiding into a calendar whose shaping 
engraving cylinder roller (11) is surrounded partially by a smoothing strip 
(29), wherein the melted plastic mass (41) is introduced into the roller gap 
(31) between the shaping engraving cylinder roller (11) and the smoothing 
strip (29) and is profiled by cooling in the thus formed mold space by heat 
removal, characterized in that in the roller gap (31) between cylinder roller 
(11) and smoothing strip (29) on the engraving surface of the cylinder roller 
(11) melting temperature is reached and that 

the melted plastic mass (41) is applied directly onto the thus heated cylinder 
roller (11). 

2. Method according to claim 1, characterized in that the heat removal occurs 
in a controlled fashion along the path of the melted plastic mass (41) about 
the cylinder roller (11) on the side of the solidifying melted mass strip facing 
the cylinder roller to such a greater degree than on the smooth side facing 
the smoothing strip (29), that the melted plastic mass is hardened in the top 
edges (4) of the prisms before the material strip exits from the exit gap (29) 
as a finished product 19. 

3. Method according to claim 1 or 2, characterized in that the melted mass strip 
solidified to the product (19) , corresponding to its thickness and its 
mechanical properties, after leaving the exit gap (39) is moved in a stretched 
position or in an oppositely bent direction to the storage form or further 
processing. 
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4. Method according to one of the claims 1 to 3, characterized in that with the 
melting temperature in the area of the melted plastic mass (41) impacting 
onto the engraving side of the cylinder roller (11) not the entire rotating mass 
of the cylinder roller (11) is concerned, but only a stationary heating zone 
(18) therein, wherein an increase of the heat in the cylinder roller mass is 
prevented by a cooling device (24, 25, 26; 27, 28) through which the melted 
plastic mass (41) passes temporally after the introduction into the roller gap 
(31). 

5. Method according to at least one of the claims 1 to 4, characterized in that 
the product (19) exiting from the calendar is cut to length by a transverse 
movement of a saw (35) matched to the moving speed of the product (19). 

6. Method according to one of the claims 1 to 5, characterized in that the 
melted plastic mass (41), which is pre-shaped as a sheet, is prepared in an 
extruder (14) and is transferred from the extruder via a wide slot nozzle (1 5) 
directly onto the cylinder roller (11). 

7. Method according to one of the claims 1 to 5, characterized in that the 
melted plastic mass (41), which is pre-shaped as a sheet, is prepared from 
a semi-finished product which is melted under a melting cover (38) and 
subsequently is directly transferred as a melted plastic mass (41) onto the 
cylinder roller (11). 

8. Device for performing the method according to one of the claims 1 to 7, 
comprised of equipment of a surrounded cylinder roller (11) with an 
engraving side on the exterior and a positionable extruder (14) with wide slot 
nozzle (15) and a smoothing strip (29) partially surrounding the cylinder roller 
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(11) and with heating and cooling devices, wherein the opening surface of 
the wide slot nozzle (1 5) is adjustable longitudinally parallel to the surface of 
the cylinder roller (1 1) or to the surface of the engraving roller (23) so as to 
the variable with respect to spacing. 

linder roller (11) or to the surface of the engraving roller (23) so as to be 
variable with respect to spacing. 

9. Device according to claim 8, characterized in that a heating device (16) is 
arranged shortly before the opening slot of the wide slot nozzle. 

10. Device according to claim 8 or 9, characterized in that the diameter of the 
exit roller (1 3) matches at least the diameter of the cylinder roller (11) and in 
that an axis of rotation of the exit roller (13) is displaceable in the direction 
of the arrow C for changing the surrounding stretch of the smoothing strip 
(29). 

1 1 . Device according to claim 8 or 9, characterized in that the spacing of the exit 
roller (13) from the roller axle (10) is changeable. 

12. Device according to one of the claims 8 to 11, characterized in that on the 
axle of the exit roller (13) a cooling table (38) is pivotably connected which 
can be moved into various angular positions by means of the pivot arm (32), 
wherein on the cooling table (36), together with the bearing of the deflection 
roller (22), an angularly adjustable support table (34) is pivotably connected. 

13. Device according to one of the claims 8 to 12, characterized in that in the 
roller axle (10) of the cylinder roller (11) a cooling water supply line and 
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cooling water removal line (24, 25) are arranged, wherein the cooling water 
supply line (24) guided through the cylinder roller (11) is provided with a 
spray nozzle arrangement and wherein the cooling water (26), collected in 
the interior of the cylinder roller (1 1) to a controlled level, is removed by a 
suction pipe of the cooling water removal line (25). 

14. Device according to one of the claims 8 to 12, characterized in that the 
endless smoothing strip (29) is tensioned by means of a spring-supported or 
hydraulically supported movement of the strip guiding roller (21) in the 
direction of the arrow a and does not exert its own pressure onto the 
surrounded surface of the cylinder roller (11), wherein, within an inner 
circulation, a pressure strip (30), not touching the deflection roller (22), is 
provided whose tension is generated by a spring-supported or hydraulically 
supported movement of the tensioning roller (20) in the direction of arrow b. 

15. Device according to one of the claims 8 to 14, characterized in that on the 
surrounding stretch of the steel strips about the cylinder roller (11) cooling 
water nozzles (27) are positioned for spray-cooling the steel strips, whose 
cooling water is collected in a cooling water tank (28) and is removed by a 
cooling water discharge (37). 

16. Device for performing the method for continuous manufacture of films, webs, 
and sheets of plastic material capable of forming optical images by means 
of preparing a melted plastic mass (41) of pre-manufactured semi-finished 
plastic products under a melting cover (38) and guiding it into the roller gap 
(31) of a calender with a cylinder roller (1 1) having an engraving surface and 
partially surrounded by a steel strip, according to one of the claims 8 to 14, 
characterized in that the melting cover (39) for producing different 
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temperatures opens into a heating cover (18) or is connected to a heating 
member (17) for heating a heating zone (18) of the cylinder roller (11). 

17. Device according to at least one of the claims 10 to 16, characterized in that 
the cylinder roller (1 1 ) is comprised substantially only of an engraving sleeve 
(23) in which a heatable support roller (40) is arranged for receiving the gap 
pressure and for a linear axis-parallel heating of the engraving sleeve (23) 
in the area of the roller gap (31). 
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(54) Title* METHOD FOR THE CONTINUOUS PRODUCTION OF CONTINUOUS FILMS, WEBS AND SHEETS WHICH 
CONSIST OF PLASTICS AND WHICH ARE CAPABLE OF FORMING OPTICAL IMAGES, AND DEVICE FOR CARRYING 
OUT THIS METHOD 

(54) Bezeichnung: VERFAHREN ZUR KONTINUIERLICHEN HERSTELLUNG VON ENDLOSEN, OPTISCH ABBIL- 
DUNGSFAH1GEN FOLIEN, BAHNEN UND PLATTEN AUS KUNSTSTOFFEN UND EINRICHTUNG ZUR AUSUBUNG 
DES VERFAHREN S 



? V I 6 f H 




ON (57) Abstract: The invention relates to a method for the continuous production of films, webs and sheets (19) which are capable 
Y-H 0 f producing optical images, consisting of plastics. According to said method, the films/webs/sheets are produced by preparing a 

plastic melt in an extruder (14) with a slit die or from flat plastic semi-finished products (15) which have been heated to the melting 
O temperature and which are conveyed to a calander, the shaping-engraving roller (1 1) of said calander being partially surrounded by 
fm. a steel strip (29). The melt is fed between the shaping-engraving roller (1 1) and the steel strip (29) in the roller gap (31) and shaped 

as it cools in the molding space that this forms. r 
!^ [Fortsetzung auf der nachsten Seite] 
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Attorney Docket No. 19943604 

DECLARATION FOR UTILITY OR DESIGN PATENT APPLICATION (37 CFR 1.63) 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought of the invention entitled: 

Method for the Continuous Production of Continuous Films, Webs and Sheets Which 
Consist of Plastics and Which are Capable of Forming Optical Images, and Devices for 

Carrying out This Method 

the specification of which 
[ ] is attached hereto; or 
[X] was filed on 9/1 1/2000 

as US Application Ser. No. 

or PCT Application No. PCT/DE00/03149 

and was amended on . 



I hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR 1.56. 

I hereby claim foreign priority benefits under Title 35 U.S.C. 119 (a)-(d) or 365(b) of any foreign 
application(s) for patent or inventor's certificate, or 365(b) of any PCT international application 
which designated at least one country other than the United States of America, listed below and 
have also identified below, by checking the box, any foreign application for patent or inventor's 
certificate, or any PCT international application having a filing date before that of the application 
on which priority is claimed: 



Prior Foreign 
Application Ser. No. 


Country 


Foreign Filing Date 
(Month/Day/Year) 


Priority Claimed 


Yes 


No 


199 43 604.5 


Germany 


9/11/1999 


X 
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I hereby claim the benefit under 35 U.S.C. § 1 19(e) of any United States provisional application(s) 
listed below: 



Application No. 


Filing Date (Month/Day/Year) 















I hereby claim the benefit under Title 35 U.S.C. 120 of any United States application(s), or 365(c) 
of any PCT international application designating the United States of America, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT international application in the manner provided by the first paragraph of 35 
U.S.C. 112, I acknowledge the duty to disclose information which is material to patentability as 
defined in 37 CFR 1 .56 which became available between the filing date of the prior application and 
the national or PCT international filing date of this application: 



U.S. Parent Application or PCT 
Parent No. 


Parent Filing Date 
(Month/Day/Year) 


Parent Patent No. 





















As a named inventor, I hereby appoint the following registered practitioner to prosecute this 
application and to transact all business in the Patent and Trademark Office connected therewith: 



GUDRUN E. HUCKETT, REGISTRATION N O. 35,747^ 

Direct all correspondence and communications to the correspondence address and telephone and 
fax numbers below: 

GUDRUN B H UCKETT , PATENT AGENT 
P.O. BOX 3187 

ALBUQUERQU E, UM 87.1 90-3187 
Telephone: (505) 266-2138 
Fax: (505)266-2138. 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
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statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 

Full name of sole or first inventor: /"^ Peter Nawrath 

Inventor's signature d /^^^>^^A ^ Date^. 

Residence: Elberfelder Strasse 116, 42853 Remscheid, G ermany (JJ g 
Citizenship: German 
Post Office Address: same as above 

Full name of second inventor, if any: 




Inventor's signature: Date: 

Residence: 
Citizenship: 
Post Office Address: 



Full name of third inventor, if any: 



Inventor's signature: , Date: 

Residence: 
Citizenship: 
Post Office Address: 



Full name of fourth inventor, if any: 

Inventor's signature: Date: 

Residence: 
Citizenship: 
Post Office Address: 

Full name of fifth inventor, if any: 

Inventor's signature: Date: 

Residence: 
Citizenship: 
Post Office Address: 



Additional inventors are being named on the supplemental Additional Inventor(s) 
sheet(s) 
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